Aims: A numerical taxonomic study of halophilic Vibrio isolated from healthy and brown ring disease (BRD) affected manila clams (Ruditapes philippinarum), harvested from the Atlantic coast of south-western Spain, was performed. Methods and Results: Characterization of 123 presumptive Vibrio spp. was carried out using 94 phenotypic tests. Simple matching and Jaccard similarity coefficients were used for numerical analysis. Cluster analysis by the unweighted pair group method with arithmetic averages yielded 15 phena defined at 0AE81 similarity. Large phena corresponded to Vibrio tubiashii, V. splendidus biotype I and V. harveyi (phena 1, 5 and 9, respectively). The species V. splendidus biotype II, V. natriegens, V. mediterranei and V. alginolyticus were also represented. The inhibitory effect of diffusible extracellular products of the isolates against 27 strains of V. tapetis, the aetiological agent of BRD, was also investigated. Only five V. tubiashii isolates inhibited the growth of V. tapetis strains. The antimicrobial effect was inhibited by heating and depended on the culture medium. Conclusions: The main Vibrio species associated with manila clams were V. tubiashii, V. spendidus and V. harveyi. The antagonistic relationship established between V. tapetis and the Vibrio spp. clam microbiota may explain the failure of isolation in plating medium of V. tapetis from BRD-affected clams on the south Atlantic coast of Spain. Significance and Impact of the Study: Some of the strains isolated from manila clams correspond to agarolytic strains that constitute phenon 7 and they do not fit into any of the currently described Vibrio species.
INTRODUCTION
The genus Vibrio is included in the family Vibrionaceae together with the related genera Listonella, Photobacterium, Allomonas, Enhydrobacter and Salinivibrio Farmer and Hickman-Brenner 1992; Garrity and Holt 2001) . Although Aeromonas, Plesiomonas and Shewanella were previously included in this family (De Ley 1992) , their taxonomic current status has been recently changed (Garrity and Holt 2001) .
Since 1980, the genus Vibrio has been subjected to an extensive taxonomic revision and, at present, Vibrio includes 44 species, most of which are of aquatic origin, while nine others have been transferred to other genera (Listonella, Photobacterium, Colwellia, Moritella and Salinivibrio) (Garrity and Holt 2001) . Previous studies have demonstrated that several Vibrio species are associated with surfaces and internal organs of marine vertebrate and invertebrate animals (Huq et al. 1983; Colwell and Grimes 1984; Kueh and Chan 1985; Prieur et al. 1990; Castro et al. 1992; Olafsen et al. 1993; Pujalte et al. 1993; Ortigosa et al. 1994; Sawabe et al. 1998) . Some Vibrio species, including Vibrio harveyi, V. pelagius, V. splendidus, V. tubiashii, V. tapetis and V. pectenicida, are also pathogenic for bivalve molluscs (Hada et al. 1984; Fujiwara et al. 1993; Sutton and Garrick 1993; Borrego et al. 1996; Lambert et al. 1998) .
Since 1986, the new venerid culture of a non-native clam, Ruditapes philippinarum, has developed extensively along the Spanish south Atlantic coast, constituting one of the major economic activities in this zone (Andalusia, south of Spain). However, mass mortalities of cultured clams associated with a shell disease called Ôbrown ring diseaseÕ (BRD) appeared in this area in 1988 (Castro et al. 1992) .
The aetiological agent of this disease has been described as a new species within the genus Vibrio, designated V. tapetis (Borrego et al. 1996) . Although V. tapetis has been successfully detected from diseased clams affected by BRD using different immunological procedures (Castro et al. 1995) , the isolation of this pathogenic micro-organism by plating onto solid culture medium has not yet been achieved. Two possible factors might explain these findings (Castro et al. 1997) : firstly, the low levels of V. tapetis detected in clams cultured in Andalusia and secondly, the antagonistic relationship established among the clam microbiota.
Several studies have reported inhibitory effects against some pathogenic Vibrio species from resident microbiota of fish and shellfish (Dopazo et al. 1988; Westerdahl et al. 1991; Bower et al. 1994; Riquelme et al. 1996; Ruiz et al. 1996; Sugita et al. 1996) . The inhibitory effect of bacteria is due to the following factors, either singly or in combination: production of antibiotics, bacteriocins, siderophores, lysozymes, proteases, hydrogen peroxide and the alteration of pH values produced by organic acids (Sugita et al. 1997; Gibson 1999) .
The taxonomy of halophilic Vibrio isolates associated with healthy and BRD-affected clams, harvested on the Atlantic coast of south-western Spain, was studied over the course of 1 year. In addition, the inhibitory effect of diffusible extracellular products of these isolates against different V. tapetis strains was also investigated.
MATERIALS AND METHODS

Microbiological analyses
Samples of diseased and healthy (i.e. without signs of BRD) manila clams (R. philippinarum) (50-100 specimens) were collected from several clam beds in the Bay of Cadiz and on the Huelva coast (Andalusia, southwest of Spain). Clams were analysed for the presence of Vibrio spp. following the methodology described previously (Castro et al. 1997) . Briefly, clam flesh samples were homogenized in sterile artificial seawater (ASW). Serial decimal dilutions of the homogenate in ASW were spread onto Marine Agar (MA; 2216; Difco) Petri dishes and incubated at 22°C for 4 d. Colonies grown on MA were transferred to Thiosulphate-Citrate-Bile salts-Sucrose (Difco) and MA plates and incubated at 22°C for 48 h. Different colony types grown on the plating media were selected and isolated for further taxonomic studies. The origin and source of isolation are specified in Table 1 . Isolates were maintained in stab cultures in semisolid screw-capped tubes of Marine Broth (2216; Difco) supplemented with 0AE2% purified agar (Difco) at 20°C and stored in basal medium (Baumann et al. 1984) with 20% (v ⁄ v) glycerol at -80°C for later identification.
Characterization of isolates
One hundred and twenty-three isolates were examined for 94 standard morphological, physiological and biochemical tests, following the procedures specified by Baumann and Baumann (1981) , Smibert and Krieg (1981) and West and Colwell (1984) (Table 2 ). All biochemical tests were performed using media supplemented with NaCl at a final concentration of 2%, except tests of growth in 0, 1AE5, 6, 8 and 10% NaCl. The incubation temperature was 22°C unless otherwise stated.
Numerical analyses
Numerical analysis was performed using 94 characters determined for the 123 isolates. Simple matching (S SM ) and Jaccard (S J ) similarity coefficients were used (Sneath 1972) and clustering was achieved by the unweighted pair group method with arithmetic averages (UPGMA) (Sneath and Sokal 1973) . The analyses were performed with NTSYST-pc programmes (1.70 version; Exeter Software, New York, USA). Test reproducibility was evaluated by duplication of 15 strains and the corresponding error was calculated according to Sneath and Johnson (1972) . All strains were negative for the following traits: growth in 0% NaCl and at 42°C; gas from glucose; acid from arabinose and lactose; H 2 S production (on thiosulphate-citrate-bile salts-sucrose agar); Voges-Proskauer test; growth on raffinose and amygdalin. 
Antimicrobial activities
The inhibition test was carried out by the double-agar layer method as reported by Dopazo et al. (1988) . All Vibrio spp. isolates (n ¼ 123) from diseased and healthy clams were tested to investigate their inhibitory effects on 27 V. tapetis strains and 14 reference strains used as target bacteria (Table 3 ). The reference strains tested were V. aestuarianus Macrocolonies of the tested strains were deposited on saline Mueller-Hinton agar plates (Mueller-Hinton agar; Difco; supplemented with 2% NaCl) previously inoculated with the target bacterium. After incubation at 22°C for 48 h, a bacterial strain which produced an inhibitory zone with a diameter 1 mm larger than that of the macrocolony was recorded to be a producer of an antibacterial substance against the target bacterial strain.
RESULTS
Characterization of bacterial isolates
Cluster analysis by UPGMA yielded 15 phena defined at 0AE81 similarity that grouped 121 of the 123 isolates analysed. The phenotypic profile of each phenon is presented in Table 2 and a simplified dendrogram showing the result of clustering using the S J coefficient is given in Fig. 1 .
Phenon 1 (0AE83 S) was formed by 17 isolates from clams and the type strain of V. tubiashii. The phenotypic characteristics of this phenon are in agreement with their identification as V. tubiashii.
Phenon 2 (0AE86 S) contained five isolates. This phenon can be differentiated from the former V. tubiashii phenon by its sensitivity to ampicillin and by the inability to produce indole and to use D-galactose and 3-hydroxybutyrate.
Phenon 3 (0AE86 S) was very heterogeneous and could be subdivided into three subphena: 3a, 3b and 3c. In general, they resembled atypical V. alginolyticus. 
Subphenon 3a (0AE97 S) was composed of six isolates. The phenotypic characteristics of this phenon were the ability to produce indole and growth at 4 and 40°C. They were negative for lysine decarboxylase (LDC), ornithine decarboxylase (ODC) and Voges-Proskauer (VP) tests and did not hydrolyse gelatin but used D-galacturonate, 2-ketoglutarate and L-leucine. The strain 43AE2 was also included in phenon 3, merging with subphenon 3a at 0AE89 S.
Subphenon 3b (0AE98 S) included four isolates. The strains of this subphenon were LDC, ODC and swarming positive and grown in 10% NaCl. They were unable to use D L L D-cellobiose but used L-glutamine and L-histidine as sole carbon source. They resembled V. alginolyticus except for their negative response to VP and putrescine. Subphenon 3c (0AE95 S) contained six isolates. These isolates clustered with the type strain of V. alginolyticus in the S SM -based tree but were negative for LDC and ODC tests and unable to grow in 10% NaCl.
Phenon 4 (0AE87 S) was formed by four isolates and was identified as Vibrio sp. These isolates were very similar to Fig. 1 Simplified dendrogram showing the relationships among phena defined at 0AE81 similarity level in an S J ⁄ UPGMA cluster analysis
the V. tubiashii strains of phenon 1 but could be differentiated by the indole test and their ability to use D-sorbitol and L-arabinose but not L-ornithine as a carbon source.
Phena 1-4, plus the type strain of V. alginolyticus, formed a cluster at 75% similarity.
Phenon 5 (0AE82 S) contained 24 isolates identified as V. splendidus biotype I. The phenotypic profile of this group differed from V. splendidus biotype I by their inability to luminesce and the negative response to the arginine dihydrolase (ADH) test when performed on Moeller's medium (only 14 isolates were positive), an atypical behaviour that has previously been noted in wild strains isolated from oysters (Ortigosa et al. 1994) .
Phenon 6 (0AE90 S) included three isolates that could be differentiated from phenon 5 by their inability to use a-ketoglutarate and cellobiose. They were identified as V. splendidus biotype II.
Phenon 7 (0AE85 S), including six isolates, merged with phena 5 and 6 when S SM values were used for the cluster analysis. They could be differentiated from V. splendidus by the degradation of agar, since the isolates of this phenon were the only ones that possessed this ability, and by the use of L L-rhamnose. An agarolytic Vibrio species, V. agarivorans, has been recently described (Macián et al. 2001) , but the strains included in phenon 7 did not match the phenotypic profile of this new species, as they were sucrose and indole positive.
Phena 5-7 and the reference strains of V. splendidus biotype I (ATCC 33869 and 33870) clustered in a single group at 77% similarity.
The two isolates included in phenon 8 (0AE91 S) were similar to those in phenon 9 but were sucrose, LDC and ODC negative and ampicillin resistant.
Phenon 9 (0AE83 S) contained 27 isolates and clustered near the type strains of V. harveyi and V. carchariae, now recognized as belonging to the same species (Pedersen et al. 1998) . This was the largest phenon and the isolates included showed typical responses of the species V. harveyi. Seven isolates produced alginase and nine were luminescent.
Phena 8 and 9, plus the type strains of V. harveyi, V. carchariae and V. vulnificus, merged at 77% similarity.
Phenon 10 (0AE95 S) was formed only by two isolates and clustered close to the type strain of V. natriegens. However, all isolates were indole positive, unable to grow in 8% NaCl and hydrolysed casein.
Phenon 11 (0AE82 S) contained five isolates plus the type strain of V. mediterranei, all showing the typical responses of this species. The ADH test was positive only by the Thornley method. Three of the isolates of this phenon were able to hydrolyse gelatine but did not hydrolyse casein.
Phena 12 (0AE85 S) and 13 (0AE84 S) constituted a single phenon when S SM values were applied, excluding strain 27AE6 that was included in phenon 11. Phena 12 and 13 contained two and three isolates, respectively, and they were identified as Vibrio sp. Both phena could be differentiated by the utilization of malate and L-glutamine, but were otherwise identical: ADH, indole and 4°C positive and with a very limited ability to use different carbon sources.
Phena 14 (0AE90 S) and 15 (0AE87 S) were formed by two and three isolates, respectively. They constituted a single phenon when S SM values were used. Phenon 14 is next to the type strain of V. logei, a species very similar to the isolates included in phenon 15.
Inhibitory effects
Of the 123 Vibrio isolates tested, only five (4%) inhibited the growth of V. tapetis strains ( Table 3) . Two of these (12AE11 and 12AE15) clustered in phenon 1 while the others (10AE2, 10AE8 and 10AE9) were recovered in phenon 2; thus, they correspond to V. tubiashii or V. tubiashii-like strains.
The V. tapetis strains analysed presented three different sensitivity patterns. More than 88% of the strains (88AE9%) were included in one pattern, which showed sensitivity to strains 10AE2, 10AE8 and 10AE9 (Table 3) . Two V. tapetis strains (CECT 4600 T and 1703RP) showed sensitivity to all five tested strains. Only the isolate V. tapetis IS1 was included in the third group, which showed sensitivity only to the isolate 10.9. Interestingly, only this isolate possessed inhibitory effects against all V. tapetis strains studied.
Inhibitory activity against the reference strains of Vibrio studied varied with the strain considered. High activities ( ‡ 20 mm diam. inhibitory zone) were obtained with the type strains of V. splendidus II and V. fischeri; on the contrary, no clear zones were detected on the type strains of V. harveyi, V. pelagius, V. natriegens and V. alginolyticus (Table 3 ). The reference strains of the species V. aestuarianus, V. splendidus II and V. tubiashii shared the same sensitivity pattern. The three serotypes of V. anguillarum showed the same response to the five tested strains. Curiously, V. campbelli CECT 523 T showed the same sensitivity pattern as V. tapetis strain IS1 and V. fischeri CECT 524
T was identical to V. tapetis CECT 4600 T and 1703RP. The antimicrobial effect of tested bacteria against target bacteria could be inhibited either by heating for 30 min at 80°C or depending on the culture media used for the plating assay (data not shown). Only Mueller-Hinton agar supplemented with 2% NaCl allowed the demonstration of inhibitory effects of the tested bacteria. Olsson et al. (1992) previously found differences in the bacteriocin production of intestinal fish microbiota against V. anguillarum depending on the media used.
DISCUSSION
The present taxonomic study has focused on Vibrio species isolated from clams cultured in the south-west of Spain. The study reveals that a considerable number of isolates (35 of 123 (28AE5%)) remained unidentified, although the phena formed by these strains contained a small number of isolates (from 2 to 6) compared with those corresponding to described, more abundant species. It can be concluded that the main Vibrio species associated with manila clams (R. philippinarum) are V. tubiashii, V. splendidus and V. harveyi, together with V. mediterranei, atypical V. alginolyticus, V. logei and several unidentified Vibrio sp. as minor components. Some of the strains may correspond to unrecognized new species, particularly the agarolytic strains that constitute phenon 7, as they do not fit in any of the currently described Vibrio species.
The composition of Vibrio spp. found in R. philippinarum is partially in agreement with recent reports on Vibrio spp. from oysters, that also contained V. splendidus and V. harveyi as major components but only a few V. tubiashii in late summer . Arias et al. (1999) found a similar composition and seasonality in other edible shellfish (Mytilus, Donax and Chaemelea), again with V. tubiashii as a minor component isolated in warm months. However, Montilla et al. (1995) found V. tubiashii and V. splendidus as major components of the microbiota of several bivalve species (mussels, clams and oysters) collected from the Ebre delta (Mediterranean zone), along with V. fluvialis and V. pelagius.
The response to ADH, a key test in identifying Vibrio and Photobacterium species (Lee and Donovan 1985; Alsina and Blanch 1994) , is noteworthy. In the present study, we have obtained similar results to those reported by Ortigosa et al. (1994) , several phena showing an opposite response in the ADH test when performed in Moeller's compared with Thornley's media. As previously noted by Pujalte et al. (1992) , the response of V. mediterranei strains (phenon 11) to the ADH test was positive only by the Thornley method. This characteristic was also observed in strains of V. splendidus and V. orientalis (Pujalte et al. 1993; Ortigosa et al. 1994) and is attributed to catabolite repression of the ADH system in glucose-containing media (Macián et al. 1996) .
Vibrio tubiashii was one of the species most commonly isolated from R. philippinarum in the present study; thus, the frequent carriage of antagonistic strains could explain the general absence of V. tapetis isolates from clams recovered in the area. Vibrio tubiashii has been detected in warm months in bivalves of geographically related areas (Arias et al. 1999; Pujalte et al. 1999) , where it may be favoured by temperature. It is interesting to note that areas where V. tapetis have been isolated correspond to cold coasts (French Atlantic, northern Spain and south England coasts) (Paillard et al. 1994; Novoa et al. 1998; Allam et al. 2000) .
The finding that several Vibrio strains associated with the microbiota of fish or shellfish produced Ôin vitroÕ antimicrobial substances against several pathogenic Vibrio species was previously reported by several authors (Ornaheim and Raa 1990; Westerdahl et al. 1991) . In the case of marine bivalves, the balance between pathogenic and saprophytic microorganisms determines the success of larvarial culture as well as the susceptibility of the bivalve larvae to bacterial infections (Jeanthon et al. 1988) . Smith and Davey (1993) and Austin et al. (1995) have reported the possibility that fish diseases may be treated with probiotic strains of bacteria. Effective control of the establishment of pathogenic bacteria in fish intestines by using probiotic strains with the ability to produce antimicrobial substances, including bacteriocins, instead of by chemotherapeutic agents may be essential in aquaculture (Sugita et al. 1997) .
